CSV Lecture on Thorium -LFR NUCLEAR POWER PLANTS 


Space & Terrestrial Power System Integration 
Optimization Code BRMAPS for Gas Turbine Space Power Plants 
With Nuclear Reactor Heat Sources 

(Theme for Advanced Nuclear Power Plant Lectures at CSU— Spring ’07) 

by Dr. Albert J. Juhasz 


In view of the difficult times the US and global economies are experiencing today, funds for the 
development of advanced fission reactors nuclear power systems for space propulsion and planetary 
surface applications are currently not available. 

However, according to the Energy Policy Act of 2005 the U.S. needs to invest in developing fission 
reactor technology for ground based terrestrial power plants. Such plants would make a significant 
contribution toward drastic reduction of worldwide greenhouse gas emissions and associated global 
warming. To accomplish this goal the “Next Generation Nuclear Plant Project” (NGNP) has been 
established by DOE under the “Generation IV Nuclear Systems Initiative”. Idaho National Laboratory 
(INL) was designated as the lead in the development of VHTR (Very High Temperature Reactor) and 
HTGR (High Temperature Gas Reactor) technology to be integrated with MMW (multi-megawatt) 
helium gas turbine driven electric power AC generators. However, the advantages of transmitting power 
in high voltage DC form over large distances are also explored in the seminar lecture series.. 

As an attractive alternate heat source the “Liquid Fluoride Reactor” (LFR), pioneered at ORNL (Oak 
Ridge National Laboratory) in the mid 1960 ? s, would offer much higher energy yields than current nuclear 
plants by using an inherently safe energy conversion scheme based on the Thorium — > U 233 fuel cycle 
and a fission process with a negative temperature coefficient of reactivity. 

The power plants are to be sized to meet electric power demand during peak periods and also for 
providing thermal energy for hydrogen (H 2 ) production during "off peak” periods. This approach will 
both supply electric power by using environmentally clean nuclear heat which does not generate green 
house gases, and also provide a clean fuel H 2 for the future, when, due to increased global demand and 
the decline in discovering new deposits, our supply of liquid fossil fuels will have been used up. This is 
expected within the next 30 to 50 years, as predicted by the Hubbert model and confirmed by other 
global energy consumption prognoses. 

Having invested national resources into the development of NGNP, the technology and experience 
accumulated during the project needs to be documented clearly and in sufficient detail for young 
engineers coming on-board at both DOE and NASA to acquire it. Hands on training on reactor 
operation, test rigs of turbomachinery, and heat exchanger components, as well as computational tools 
will be needed. 

Senior scientist/ engineers involved with the development of NGNP should also be encouraged to 
participate as lecturers, instructors, or adjunct professors at local universities having engineering 
(mechanical, electrical, nuclear/ chemical, and/or materials) as one of their fields of study. 
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Topical Outline - Power System Design Drivers 
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BRMAPS System Code Highlights 
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Synopsis of Closed Brayton Cycle Code - BRMAPS 
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Regenerated Brayton Cycle Configurations 
w. Fission Reactor Heat Sources 
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Non-regenerated Brayton Cycle Configurations 
w. Fission Reactor Heat Sources 
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Non-regenerated Cycle Configuration 
(No Heat Exchangers) 
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Closed Brayton Cycle with Solar Heat Source 
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Closed Cycle Gas Turbines 
(a)10 kWe Radial BRU; (b) 30 MWe Axial Machines 



Glenn Research Center at Lewis Field 



EFFECT OF MOLECULAR WEIGHT 
ON TURBOMACHINERY 
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EFFECT OF MOLECULAR WEIGHT 
ON HEAT-EXCHANGER SIZE 
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Turbine Materials Technology Map 
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GAS TURBINE (BRAYTON CYCLES) 
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Isen tropic and Polytropic Efficiency Relationships 
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deal Code Output from Global Minimum Mass Scan 
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Regenerator Effectiveness 



Space System Mass for 10 MWe CBC vs. Cycle Temperature Ratio 
with Turbine Inlet Temperature TIT as a Parameter 
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Carbon-Carbon Heat Pipe and SP-100 Radiator Assembly 
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Bray ton Cycle Mapping Code - BRMAPS 
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Optimization Code — TST3 Brayton Cycle Code BRCY1 
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Solar Fusion Energy Generation via Proton-Proton Chain Reaction 
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Solar and Arbitrary Infrared Spectra 
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Solar Heat Flux & Space Probe Temperatures 
At Various Orbital Distances (AU) 





Radiator Area Requirement for 300 kW t Heat Load 
at Avg. Radiator Surface Temperature = 390 K 
(0 = 25°; FV = 1 ; a/z ranging 0.1 to 1 .0) 
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Spacecraft with Trapezoidal Heat Pipe Radiator 
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Thermal Energy Transfer in a Heat Pipe Radiator 
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Relationships Resulting from Closed Brayton Cycle Analysis 
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Dual Loop 200 MWe Closed Cycle (He) Gas Turbine (CCGT) 
Power System with Nuclear Fusion Reactor Heat Source 










Interplanetary Crew Transport Vehicle 
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Advanced Power System Applications 
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Use of aircraft engine technology (modified for He working fluid as 
per CFD codes) lowers development costs. 
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GAS TURBINE (BRAYTON CYCLES) 
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Three Stage Reheat & Intercool Brayton Cycle 
Temperature - Entropy Diagram 
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Power Cycle Schematic and T-S Diagram for Single Expansion 
Inter-Cooled Triple Compression System 






Typical Machine Sizes for 1000 MWe He Plant 
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Typical Machine Sizes for 300 MWe He Plant 
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Typical Machine Sizes for 150 MWe He Plant 
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Energy Extraction Comparison for U 238 and Th 232 
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Thermodynamic performance can be analyzed via BRMAPS (but not NPSS) 
Code. Alternator windage and bearing cooling losses at specified operating 
conditions can be added as computational refinements. 



